Objectives: To evaluate the role of ethnic foods as predictors of intake levels of selected nutrients that are important during pregnancy among the Bedouin Arab minority population in southern Israel, and to compare the main food predictors for Bedouin intakes of the selected nutrients with those for the region's Jewish majority population. Subjects/Methods: Ethnic foods/recipes (n ¼ 122) reported in the Bedouin Nutrition Study (BNS) were added to a preexisting, validated Israeli food composition table using European Food Information Resource standard criteria. Food items reported by the 519 BNS participants were combined into146 food groups that distinguished between existing foods and new ethnic recipes and were entered into a stepwise multiple regression model to identify the main predictors of intake levels of the selected nutrients. The results were compared with those of an identical analysis for the selected nutrients using 24 h recall data from the majority Jewish population. Results: Over 80% of the BNS between-person variability in the intake of all selected nutrients was explained by 34 food groups, of which 13 (38.2%) were ethnic foods. Homemade whole wheat bread was a main predictor of intake levels for five of the eight selected nutrients, and other ethnic foods/recipes (for example, za'atar, leafy dark green vegetables and camel milk) emerged as predictors of iron, folate, calcium and o-3 fatty acid intakes. Breads explained 60 and 44% of the between-person variation, and 38 and 36% of the total intakes of iron and zinc intakes in the BNS sample, respectively, whereas for the Jewish population, animal sources and fortified foods predominated as main predictors and contributors of these nutrients. Conclusions: The addition of ethnic foods to food composition databases is important, as some of these foods are main predictors of nutrient intake levels in ethnic minority populations. In turn, this should facilitate the development of more sensitive dietary assessment tools and more effective diet-based health interventions for ethnic minorities.
Introduction
In Europe, minority ethnic groups form a significant and growing proportion of the population and often exhibit disproportionately high rates of nutrition-related diseases compared with the majority population. Accurate information about the composition of widely consumed ethnic foods is essential to developing appropriate dietary interventions and strategies for addressing inequalities in health status in a population (Bhopal, 2009; Chen et al., 2009; Ngo et al., 2009) . The European Food Information Resource's (EuroFIR) Ethnic Foods Work Package (WP) provided an important basis for this by producing new, reliable nutrient composition data on widely consumed ethnic foods for inclusion in national food composition databases.
There are many important applications for the data generated by the EuroFIR Ethnic Foods WP in the field of nutritional epidemiology. These data are imperative to developing appropriate dietary assessment tools, including food frequency questionnaires (FFQs), for use with ethnic groups. Food lists in FFQs are designed to identify differing nutrient intake levels and to rank populations into nutrient exposure groups (Block, 1982; Stefanie et al., 1997; Willett, 1998; Fawzi et al., 2004) . The foods that best predict intake levels in a majority population group may not be the main predictors for an ethnic minority group within the same population. The inclusion of ethnic foods in FFQs is likely to improve the accuracy of assessing nutrient intakes among ethnic groups . However, the literature is lacking in studies that measure the contribution of ethnic foods as a means to explain total intake and between-person variation in intake of foods and nutrients.
A short, targeted FFQ was developed to rank pregnant Bedouin women by their habitual intake of nutrients important to a healthy pregnancy. The data set from a recent dietary assessment conducted among Bedouin adults was used to develop the FFQ. This paper examines the contribution of ethnic Bedouin foods, added to food composition tables within the framework of the EuroFIR Ethnic Foods WP, to explaining the between-person variation and total intake of the selected nutrients in this minority ethnic population. Further, the foods that emerged as the main predictors of intake for the selected nutrients among the Bedouin population are compared with the main predictors for intake for the majority Jewish population.
Subjects and methods

Bedouin population background
The Bedouin Arabs in southern Israel (Negev region) make up approximately 25% of the population and their dietary habits differ from the region's majority Jewish population. Traditionally, the Bedouins were a seminomadic population (Groen et al., 1964) . They have undergone a process of sedentarisation over the past 60 years (Abu-Saad et al., 2001) , and approximately half of the population now lives in government-planned, urban-style towns (CBS, 2006; Swirski and Hasson, 2006) . The other half of the Bedouin population lives in unrecognised villages and rural settings. The Bedouin people have the lowest socioeconomic status of any population group in Israel (CBS, 2009) .
Study design
This study used dietary intake data collected from the ethnic minority (Bedouin) and the majority (Jewish) populations in the Negev region in two dietary assessment surveys, the Bedouin Nutrition Study (BNS) and the Negev Nutrition Study (NNS). The BNS, conducted between 2001 and 2003, was based on a convenience sample of 519 Bedouin adults that incorporated a broad geographical cross-section of the urban and rural Bedouin population (Abu-Saad et al., 2009a, b) . The NNS, conducted between 1998 and 2001, was based on a geographic-cluster random population sample of 1173 Jewish adults . Dietary intake data in both studies were collected using a United States Department of Agriculture (USDA) 24 h recall questionnaire, which elicits a detailed description of all foods and beverages consumed on the previous day, as well as the time, eating occasion (meal or between-meal snack) and amount consumed (Conway et al., 2003) . Trained interviewers conducted the interviews in the native language of the respondent, using a USDA food book and food models/portion-size booklet modified to include common Israeli and Bedouin foods, utensils and portion sizes. The 24 h recall data collected in these studies were used to identify the main food predictors for ranking each of these populations by their intake of the selected nutrients.
All participants signed consent forms, and the BNS and NNS studies were approved by the Helsinki Committee (Institutional Review Board) of Soroka University Medical Center.
Nutrient database
The S. Daniel Abraham International Center for Health and Nutrition (AICHN) nutrient database is based on the most recent USDA food composition table (Releases SR12-SR19). This database was expanded to include common Israeli foods and recipes, as previously reported by Shai et al. (2003) . In preparation for the BNS study, detailed ethnic Bedouin foods/recipes were collected and added to the AICHN nutrient database. Senior BNS study staff from the Bedouin community identified commonly consumed Bedouin foods/ dishes for inclusion in the AICHN database. As traditionally there were no written records of Negev Bedouin recipes, BNS field staff recorded detailed recipes, preparation methods and weight changes for these ethnic dishes as they were prepared and cooked by Bedouin women in their home kitchens. This resulted in the addition of 95 Bedouin recipes, foods and beverages to the AICHN database before the BNS dietary assessment. Another 27 recipes/foods were added during the course of the BNS study, as new foods/recipes were reported by study participants (Abu-Saad et al., 2009a) . Within the framework of the EuroFIR Ethnic Foods WP, harmonised EuroFIR procedures and recipe calculation methods were used for adding key ethnic foods to the AICHN database and estimating their nutrient composition (Chen et al., 2009; Khokhar et al., 2009) .
Identification of main predictors
The method described by Willett (1998) was used to identify the main foods for predicting the intake levels of the selected nutrients in the two study populations. The selected nutrients were protein, iron, zinc, calcium, folate, a-linolenic acid, docosahexaenoic acid and eicosapentaenoic acid. For the present analysis, the individual food items reported in the BNS 24 h recall data were aggregated into 146 conceptually similar food groups on the basis of their content per portion of the selected nutrients. The food groups also distinguished between (1) standard USDA database foods/ products, or items added for the majority Jewish population and (2) ethnic foods/recipes added for the Bedouin population. The nutrient content of each food group was derived from the means of all food items in the group, weighted by the amount and frequency of consumption of each item. Thereafter, the food groups were entered into a stepwise multiple regression model, according to their specific nutrient content and the frequency of intake in the population. This procedure was repeated for each of the eight nutrients of interest. The food groups that explained at least 80% of the between-person variability in the intake of each of the selected nutrients were considered to be useful as predictors for ranking the population into nutrient intake levels (Willett, 1998) . The same procedure was conducted for the food items reported in the NNS 24 h recall data, which were aggregated into 127 groups.
Statistical analysis
All statistical analyses were carried out using SPSS version 14.0 (SPSS, Chicago, IL, USA). Stepwise regression models were used to assess the contribution of each food group to the total intake and the between-person variability in intake of the selected nutrients, with the individual food groups as the independent variables and total nutrient intake as the dependent variable (Willett, 1998) .
Results
Of the 122 ethnic Bedouin recipes/foods added to the AICHN food composition tables as part of the BNS, nearly half (60) were mixed dishes that combined grains and vegetables, meats, legumes and/or dairy products. The second largest category of ethnic recipes consisted of vegetables (22), followed by sweets (8) and homemade breads and whole grain dishes (8). As poultry and meat prepared on their own and not as part of a mixed dish were most commonly simply stewed or boiled, existing food items in the USDA database were used, with only a few new recipes created for these two groups.
Of the 146 food groups from the BNS data included in the regression analysis, 34 groups explained between 84% (alinolenic acid) and 99% (eicosapentaenoic acid) of the between-person variability in the intake of the selected nutrients (Table 1 ). More than one-third of the 34 food groups (n ¼ 13, 38.2%) were ethnic foods/recipes.
Over 80% of the between-person variance in intake for each of the selected nutrients was explained by 4-15 food groups, which also accounted for between 46 and 90% of the total intake of these nutrients (Table 1 ). The contribution of ethnic foods to explaining the between-person variation in nutrient intakes ranged from 13% for docosahexaenoic acid to 76% for iron. The contribution of ethnic foods to total nutrient intakes tended to be higher, coming to over 45% for four of the eight selected nutrients (iron, zinc, protein and folate) ( Table 1) . Homemade whole wheat bread was a predictor of intake levels for five of the eight selected nutrients (protein, iron, calcium, zinc and folate), and other ethnic foods/recipes (for example, za'atar (za'atar is a majoram-sesame seed-olive oil mixture), leafy dark green vegetables, camel milk, mixed vegetable-grain dishes and fried fish) emerged as predictors for iron, folate, calcium, protein and o-3 fatty acid intake levels.
The contribution of ethnic foods to explaining betweenperson variation and total intake was greatest for iron. Homemade whole wheat bread (including both traditional pita and unleavened breads) was both the main predictor of (R 2 ¼ 0.51) and the main contributor to (25% of total intake) iron intake levels, whereas homemade white bread accounted for another 6% (out of 9% for all white breads) of the between-person variation in iron intake. Two other ethnic food groups, za'atar and indigenous leafy dark green vegetables (mulukhiyeh, Corchorus oliterius and khubaizeh, malva sylvestris), eaten as potherbs, also emerged as predictors of (R 2 ¼ 0.04 for each) and contributors to (4% for each) iron intake. The other main predictors/contributors to iron intake were sautéed/stewed internal organs (R 2 ¼ 0.16; 4% of total intake), red meat (R 2 ¼ 0.02; 2% of total intake) and commercial white breads (R 2 ¼ 0.03; 4% of total intake).
These foods were drawn from existing items in the USDA database or items added to the AICHN database for the majority Jewish population. For calcium, several ethnic food groups contributed to the between-person variation and total intake for this nutrient. Three main predictors (homemade whole wheat bread, za'atar and leafy dark green vegetables) were ethnic foods/ recipes. Homemade white bread accounted for more than 60% of the total contribution of white bread to betweenperson variation and total intake of calcium (Figure 1 ). In addition, camel milk accounted for 30% of the betweenperson variation and 33% of the total intake of calcium explained by goat/camel milk. Most other main predictors of and contributors to calcium intake, including goat milk, were included in the USDA database, whereas local commercial cheeses (for example, yellow and salty white cheeses) had been previously added to the AICHN database for the majority Jewish population. Tables 2 and 3 present comparisons between the main predictors of iron and zinc intake levels (and their contribution to total intakes) in the BNS (Bedouin) and NNS (Jewish) samples. Three of the eight top predictors of iron intake levels among the Bedouins were ethnic foods (homemade whole wheat bread, leafy dark green vegetables and za'atar) ( Table 2 ). Homemade whole wheat bread and white bread together explained as much of the between-person variation (60%) and more of total intake (38%) of iron for the Bedouin sample than all of the top eight food predictors combined for the Jewish sample. In addition, five of the top eight food predictors for the Jewish sample were meat/meat-based groups or fortified foods (dry and cooked breakfast cereals), whereas for the Bedouin sample, six of the top eight food predictors were plant foods, none of which were fortified. Similar to iron, whole wheat and white bread were both important predictors of and contributors to zinc intake levels among the Bedouin sample. However, bread did not appear at all among the top eight predictors of zinc intake levels in the Jewish sample, all but one of which were either meat/ meat-based or fortified food groups.
Discussion
The contribution of ethnic foods to predicting intake levels of selected nutrients important during pregnancy among an ethnic minority group was evaluated using data generated through the EuroFIR Ethnic Foods WP. The 34 food groups that emerged as main predictors of intake explained over 80% of the between-person variation in intakes for protein, iron, zinc, calcium, folate, a-linolenic acid, docosahexaenoic acid and eicosapentaenoic acid in the Bedouin minority population, and more than 50% of the total intake for most of the selected nutrients. Ethnic Bedouin recipes/foods made up nearly 40% of these food groups, and contributed substantially both to explaining the between-person variation and the total intake of the selected nutrients. It is widely recognised that food intake and dietary sources of nutrients vary greatly in different human populations, and thus the main foods for assessing/predicting intake levels tend to be specific to a given culture, population or sub-population (Teufel, 1997; Willett, 1998; Kuhnlein et al., 2002; Sharma et al., 2007; Khokhar et al., 2009) . Shahar et al. (2003) reported differences in the top 12 predictors of energy and zinc intakes among three Israeli Jewish ethnic groups (Israeli born, Asian-African born and European-American born), both in terms of the food groups included and the ranking or importance of the same food group across the three ethnic groups.
Bedouin Arabs represent an ethnic minority group whose culture, dietary patterns and socioeconomic status differ substantially from the majority Jewish population. As reported earlier, the Bedouin obtained a much higher percentage of their total energy, protein, calcium and iron intake from bread than the Jewish population (Fraser et al., 2008) . This is partly because of the Bedouin food tradition of using bread as the utensil for eating from common plates (Abu-Saad et al., 2009a) . Furthermore, their intake of animal products is low. Thus, in comparing the main predictors of iron intake among Bedouin and Jews, whole wheat and white bread accounted for 60% of the variance and 38% of the total iron intake in the BNS (Bedouin) sample; whereas white bread accounted for 17% of the variance and 10% of the total iron intake in the NNS (Jewish) sample, and the contribution of whole wheat bread was negligible. Similarly, whole wheat bread was the main predictor of and contributor to zinc intake levels among the Bedouin population, but did not appear at all among the top eight predictors of zinc intake among Jews, for whom meat, other animal products and nuts and seeds were the main predictors.
In this study, homemade whole wheat bread emerged as a main predictor and contributor to intake levels of the selected nutrients for the Bedouin population. Whole wheat bread was once the main staple of the Bedouin diet, but this ethnic minority group is now undergoing a nutrition transition. In the BNS study, 73% of the participants reported consuming primarily white flour bread, and the micronutrient content of their diet was significantly poorer than that of respondents who reported eating primarily whole wheat bread (Abu-Saad et al., 2009b) . In the present analysis, whole wheat bread emerged as a main predictor and contributor for intake of several micronutrients. Although its nutrient density is low compared with that of animal food sources, it nevertheless compares favourably with the alternative staple foods consumed by this population (for example, unenriched white bread and white rice). Negev Bedouins, (Fraser et al., 2008) . Thus, the micronutrient density (that is, mg or mcg per 100 g of food) of the Bedouin's primary dietary sources of carbohydrates emerged as key to ranking the population into intake levels. Many of the ethnic Bedouin foods added to the AICHN nutrient database as a part of the EuroFIR Ethnic Foods WP were key to discriminating between Bedouin with higher intakes and those with lower intakes of the selected nutrients, and thus have important applications for nutritional epidemiology. A database lacking these foods would not be well equipped to provide a complete or accurate estimate of the intake of these nutrients in the Bedouin population. Furthermore, the FFQ that was developed by the AICHN using the Jewish majority's food intake data did not include these key ethnic Bedouin foods, as they were not reported in the NNS majority population 24 h recall data Shai et al., 2004) . It thus omitted the foods that accounted for 15-81% of the total intake of the selected nutrients, and 13-76% of the intake differences among individuals within the Bedouin population. Such an FFQ, derived only from majority population food intakes, would be an inadequate instrument for accurately assessing total intakes of these nutrients and ranking nutrient intake levels in the ethnic minority population.
A limitation of this study is that the BNS sample was not drawn randomly, because of the lack of a standard sampling framework for the rural Bedouin population (for example, census data with street addresses, telephone directory). Nevertheless, the BNS sample included a broad geographical cross-section of Negev Bedouin adults from both rural and urban settings, and represents the most comprehensive quantitative dietary assessment conducted in this ethnic minority population to date.
A major strength of the study is the large number of ethnic recipes added to the AICHN food composition table, using validated EuroFIR procedures and methods to calculate the nutrient values of the recipes. In addition, this is one of the first studies, to the best of our knowledge, in which the specific contribution of ethnic foods to explaining betweenperson variation in nutrient intakes has been objectively measured using stepwise linear regression models and 24 h recall data.
In conclusion, Bedouin ethnic foods added to the AICHN food database through the EuroFIR Ethnic Foods WP made a measurable and substantial contribution to the dietary intake of nutrients important for a healthy pregnancy in this ethnic minority population. These ethnic foods also emerged as key predictors for accurately ranking the population into nutrient intake levels. Our findings support the importance of adding ethnic foods to national databases to facilitate the development of more sensitive dietary surveillance and assessment tools, and thus, more effective diet-based health interventions for ethnic minorities.
